The analysis of some basic chemical and physical properties of drained fen peat and moorsh soil layers. The paper presents the results of measurements of some chemical properties for 14 drained fen peat-moorsh layers taken from north-east, central and east part of Poland. These areas were drained in order to use as a grassland and most of them in former time were under sub--irrigation systems. The following basic chemical properties were analysed: organic C, total N, C:N ratio, pH and ash content. In the paper also the relationships between some basic chemical and physical properties were analysed (ash content with bulk density, particle density and porosity). Increasing of ash content caused the decreasing of some chemical properties (organic carbon and total nitrogen content) and increasing some physical properties (bulk density and particle density).
INTRODUCTION
The drainage of organic soils in order to agricultural, forest or horticulture use causes many physical, chemical and biological changes. Drainage and intensive use of peatlands are the main factors causing the moorshing process, which transforms peat in the surface layers into a new material called moorsh. The lowering of groundwater level and moisture content starts many irreversible physical processes like surface subsidence, shrinkage, changing of basic physical properties -increasing of bulk density, particle density and decreasing of porosity and saturated moisture content (Zawadzki and Olszta 1989; Okruszko 1993; Zeitz and Velty 2002; Oleszczuk et al. 2003; Peng and Horn 2007; Gebhart et al. 2009 ). Also the hydraulic and retention properties like saturated and unsaturated hydraulic conductivity and retention characteristic (pF-curves) shown after drainage of the organic matter the decreasing of water retention and hydraulic ability of peat soils (Oleszczuk et al. 2000; Gnatowski et al. 2002; Brandyk et al. 2003; Gnatowski 2009; Gnatowski et al. 2009 ).
Also the chemical changes in drainage peat soils due to increasing of air content in soil matter are observed: humification and mineralisation. Due to drainage process some part of organic carbon as a CO 2 is emitted to the atmosphere and some part of CO 2 is dissolved in groundwater (Clark et al. 2011) . It depends on many factors: the depth of drainage, temperature of soil, pH, fertilisation and type of land use (Ilnicki and Iwaszyniec 2002; Oleszczuk et al. 2008; Kechavarzi et al. 2010) .
Due to nitrification processes nitrous oxide is also emitted to the atmosphere and some nitrogen compounds are accumulated in the top peat layers during moorshing process in comparison with natural non-drained peat soils (Okruszko 1993; Gotkiewicz 2007) . According to Gotkiewicz (2007) , total nitrogen for fen peatlands varies between 2.5-3.5%, while for the raised bogs it is 0.5-1.0%. In contrast, according to Maciak and Liwski (1996) , total nitrogen for fen peatlands is 2-4% and for raised bogs is 0.8-1.2%. The decreasing of organic carbon content and increasing of nitrogen in the top layers of drained peat-moorsh soils is often described as C:N ratio. In case of natural peat deposits this ratio is quite wide (1:20) but in drained and strong decomposed peat and moorsh layer this relatioship is very narrow (1:12). According to Gotkiewicz (2007) , C:N ratio for the fen peatlands is in the range 10-20 and for the raised bogs is 50-60. Natural (no drained) fen peatlands are characterized by low ash content (1-5%), strong decomposition of organic matter causes the increasing the ash content (Okruszko 1971; Okruszko 1993) .
Presented physical and specially chemical processes (mineralization) are main reason, that a long time after drainage the surface subsidence and peat thickness deposit is still decreasing. Average surface subsidence for peat deposits under grass utilisation is around 1-2 cm per year (Wösten et al. 1997; Jurczuk 2011; Querner et al. 2012 ).
The aim of this study is to analyse some basic chemical properties of drained peat-moorsh soils representing soil layers for drained lowland fen peatlands (alder, sedge, reed and moss) and moorsh under sub-irrigation systems and comparison of some obtained data with results published in the literature.
MATERIALS AND METHODS
The analysed peat-moorsh soil layers taken into account in this study are located in three following sites in Poland: north-east part of Biebrza river valley, central part -Mazovia and east part -Lubelskie upland. All of these peatlands are lowland fen and they were drainaged in 20 th century and used usually as grassland or meadows. Some of them are still used by agriculture and some of them are abandoned areas. The undisturbed soil samples were taken in four replications from each of characteristics soil layers in analysed 9 soil profiles. The localisation, name of sites depth of sampling and peat classification (Systematyka gleb Polski 2011) are presented in Table 1 .
The measurements of organic carbon were performed using TOC 5000A apparatus. This method based on measurements of carbon dioxide emission during burning of organic matter in temperature 680°C (Namieśnik et al. 2000) . Some controlling measurements of organic carbon content were done using wet oxygen method (Maciak and Liwski 1996) . The obtained results using this two methods shown very similar values. The total nitrogen in analysed soil samples was determined using Kjeldehal method, pH in destilled water (Sapek and Sapek 1997) . The ash content values for each soil layer was determine by igniting dry soil samples in a muffle furnace at about 550°C until constant weight (Maciak and Liwski 1996) . The values of selected physical properties (bulk density, particle density, porosity, saturated volumetric moisture content and degree of decomposition) for all analysed soil layers were presented by Oleszczuk and Truba (2013) .
RESULTS AND DISCUSSION
The research presented in this paper included measurements of the following chemical properties: organic carbon, total nitrogen, C:N ratio, ash content and pH. Organic carbon content is quite low for alder peat (23-34%) and quite high for the rest analysed soil samples including also moorsh layers. The lowest values of C are observed in top layers, where the degree of decomposition is the largest (Table 2) .
Total nitrogen values obtained during the test was in the range 1.8-3.0% (Table 2 ). According to Gotkiewicz (2007) , these results are typical for fenpeat, the accumulation and the high values of nitrogen as a result of nitrification and denitrification processes as a result of drying process. Similar results were obtained by Niedermeier and Robinson (2007) for drained fen-peats in the United Kingdom (1.7-3.2%), by Pawluczuk and Gotkiewicz (2003) for drained fen-peats in north-eastern Poland (1.96-3.05%). In contrast to organic carbon content the total nitrogen values are higher in top soil layers as reason of accumulation of this compounds due to high mineralization processes. In Europe, depending on the depth of the layer, total nitrogen content ranges from 0.41% for the raised bogs in Latvia (Klavins et al. 2008 ) to 3.78% for the fen-peats in Poland (Sokołowska et al. 2011; Boguta and Sokołowska 2012) .
The relationship C:N describes the ratio of decomposition of organic matter. The wide range of this parameters were observed for Powsin (45-55 cm), Łamane Grądy and Brzostówka (45--55 cm) sites (quite low degree of decomposition) and the lowest values of this parameter for Solec (10-20 cm) and Bełda sites ( Table 2) The type of lowland fen peat and the genesis of the peat cause the differences in ash content. No silted organic soils not exceeded 25% of ash content (Okruszko 1994) . The lowest values of ash content are observed for reed peat (10.5%), sedge peat (11.7%) and the higher values for alder and moss peats (14-14.4%) (Ilnicki 2002 , Rydelek 2011 .
According to Maciak and Liwski (1996) Klavins et al. (2008) 4.96-6.15% for peatland in Latvia.
The pH of peat on the studied objects ranged from 4.93 to 5.65, these were the characteristic values for fen-peat or eventually for transition peat (Maciak and Liwski 1996) . All peatlands except object Solec (10-20 cm) were classified as medium acidic peat. Object Solec (10--20 cm) was strongly acidic (Table 2) . Table 3 shows a comparison of all investigated physical and chemical properties of peat soils. Grey color in the Table 3 represents the linear correlation above 0.6 (R 2 ). Based on data presented in Table 3 it can be concluded, that the strong relationship are between some physical properties (bulk density, particle density, porosity, saturated moisture content) and some chemical properties (organic carbon content, C:N ratio, ash content). Among chemical properties the relationships between organic content with C:N ratio and ash content are observed. Degree of decomposition and pH are the parameters which shown very weakly correlation with other analyzed physical and chemical properties.
The relationships between ash content and organic carbon, total nitrogen, bulk density, and particle density are presented on Figure 1 . The all analyzed relationships shown linear regressions. Increasing of ash content causes the decreasing of organic carbon as well as total nitrogen (Fig. 1a-b) . Increasing of ash content causes also increasing of physical parameters: bulk and particle densities (Fig. 1c-d) . Specially the strong relationship between ash content and particle density is observed (R 2 = 0.911).
The obtained in this work relationship between particle density and ash content were compared with the data published in the literature (Fig. 2) .
The equation presented by Okruszko (1971) shows higher values of particle density of about 0.08-0.1 Mg·m -3 in the ash content range from 20 to 40% in [%] [%] comparison with equation proposed in this work. The proposed in this paper relationship is very similar to the equation proposed for German peat soils. The decrease of ash content causes the increasing of porosity values of analysed soil samples (Fig. 3) .
Increasing of organic carbon content causes decreasing of particle density values (Fig. 4) and increasing of saturated moisture content (Fig. 5) .
CONCLUSIONS
Based on performed research the following conclusions can be proposed: 1) The drainaged peat-moorsh soil layers shown the decreasing of organic carbon content and increasing of total nitrogen specially in the upper layers. 2) The relatively low values of C:N ratio shown for some peat and moorsh layers with the medium and high stage of degradation due to former drainage process (1:12÷1:13).
3) The performed research shown strong relationship between some chemical and physical properties.
* Standard methods in soil physics -density and porosity in German (TGL 31222/03, 1985) .
FIGURE 2. The comparison of relationships between particle density and ash content [%]
For example strong linear relationship are observed between organic carbon content and bulk density, particle density, and porosity in analysed soil samples. 4) Increasing of ash content in analysed soil samples (from 10 to 40% d.m.) caused decreasing of organic carbon content (from around 42 to 24%), total nitrogen (from 3 to 2%) and porosity values (from 90 to 80%) respectively. 5) Increasing of ash content in analysed soil samples (from 10 to 40% d.m.) caused increasing of physical parameters, like bulk density (from 0.1 to 0.35 Mg·m -3
) and particle density values (from around 1.5 to 1.8 Mg·m -3 ) respectively. 6) Established in this work the relationship between particle density and ash content is very similar with the same equation established for German peat soils. The proposed in this work equation gives some lower values of particle density calculated using ash content in comparison with formula proposed by Okruszko (1971) .
